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Babies who sustain intrauterine growth retardation are known to have structural and metabolic abnormalities. They may have, for example, disproportionate reduction in the size of some organs, including the liver. They have abnormal glucose-insulin metabolism,' raised serum triglycerides,2 and high plasma growth hormone and cortisol3 concentrations.
A recent series of studies has now shown that abnormalities of structure and metabolism persist in small for dates babies and that they have an increased risk of coronary heart disease in adult life.
Among 1586 men born in the Jessop Hospital in Sheffield during 1907-24 death rates from coronary heart disease and stroke fell progressively between those with the lowest and highest weights, head circumferences, and ponderal indices (weight/length3) at birth. 4 In adapting to an adverse environment, to suboptimal nutrition in particular, the growth of certain fetal organs and tissues, including the liver and pancreas, is constrained while that of others, including the brain, may be spared. Numerous animal experiments have shown that poor nutrition during periods of rapid growth in early life may permanently change the structure and physiology of a range of organs and tissues. '7 This phenomenon is known as programming. It occurs because cell numbers, vascularisation, and metabolism in the body's organs and systems are established during brief periods of early growth. There are critical windows of time during which maturation must be achieved, and failure of maturation is to some extent irrecoverable.
Genetic influences
An alternative explanation for the close link between early growth and coronary heart disease is that the genes which determine low weight gain in utero and during infancy also determine cardiovascular disease. This explanation is not likely to be correct because birth weight does not seem to be strongly genetically determined. Comparisons of the birth weights of half siblings show that whereas those related through the mother tend to have similar birth weights those related through the father do not. In each sample systolic and diastolic blood pressure fell progressively between those, who had low birth weight and those who had high birth weight.9'0 A similar association between birth weight and adult blood pressure was found in the 1946 national cohort. These associations do not depend on shortened gestation, and it can be concluded that high blood pressure is initiated by processes associated with reduced growth in utero. Raised blood pressure is not confined to people who sustained intrauterine growth retardation defined by birth weight at the lowest centiles. Blood pressure falls progressively between people who had the lowest and highest birth weight. Examination of birth measurements identifies two groups of babies whose birth weights are within the normal range but who develop high blood pressure as adults. One group is thin, having a low ponderal index, the other group is short, having a lower body length than would be expected from their head circumference." Thin babies are recognised in clinical practice in that those with sufficiently low birth weight to qualify as growth retarded are termed 'asymmetric'. Short babies are not usually recognised clinically: they can have above average birth weight. The pattern of infant growth in the two groups differs. Thin babies tend to 'catch up' in weight whereas short babies do not. 1213
Though the relation between systolic pressure and birth weight becomes evident in the early months of life it grows progressively stronger with increasing age.'0 An interpretation of this is that the association between reduced fetal growth and blood pressure is initiated in utero and thereafter amplified throughout life. The existence of initiating and amplification mechanisms in the aetiology of essential hypertension was first postulated by Folkow. 14 We can speculate on the processes which underlie them. The initiating process could be changes in fetal blood flow or in the activity of a trophin or mitogen leading to changes in the vessel wall and subsequently a rise in blood pressure. Suggested trophins include cortisol, insulin, and insulinlike growth factor-I (IGF-I) (somatomedin C), catecholamines, and angiotensin II.
The feedback mechanism that amplifies the initiating effects with age could depend on progressive changes in the structure or compliance of blood vessels. In humans and in animals vascular structure and compliance change with haemodynamic load.'5 An increase in peripheral resistance and pulse pressure in early life could alter structure and reduce compliance, which in turn would increase pulse pressure. A feedback mechanism could thereby become established and amplify blood pressure from birth to old age.
In one study of men and women in Preston there was, as expected, a fall in blood pressure associated with increasing birth weight.9 There was also a hitherto unsuspected increase in blood pressure with increasing placental weight. Subjects with mean systolic pressures of 150 mm Hg or more comprised a group who as babies were relatively small in relation to the size of their placentas. In man and animals disproportionately large placental size may be a consequence of maternal undernutrition. It occurs in babies whose mothers were anaemic during pregnancy. ' Both deficiency of insulin and resistance to its effects are thought to be important in the pathogenesis of non-insulin dependent diabetes.2' Among the sample ofmen in Hertfordshire those who had the lowest weights at 1 year of age had high plasma concentrations of 32-33 split proinsulin. 1 ' High concentrations of 32-33 split proinsulin are thought to indicate production of insulin by a comparatively small complement of pancreatic 1B cells. The observation therefore suggests that men who had low weight at 1 year sustained impaired development of the pancreas during its period of rapid growth in fetal life and infancy. This interpretation is consistent with the occurrence of impaired development of the endocrine pancreas found in babies with intrauterine growth retardation,22 and with studies in rats which show that undernutrition in early life permanently impairs the insulin secretory response to glucose.
Men and women who had low birth weight have a high prevalence of syndrome X, a syndrome associated with marked insulin resistance." Patients with this syndrome have impaired glucose tolerance, hypertension, high serum triglyceride concentrations, and low serum high density lipoprotein concentrations. The prevalence of syndrome X fell progressively from 30% in men who weighed 2500 g (5 5 pounds) or less at birth to 6% in men who weighed 4300 g (9 5 pounds) or more. The relative risk, after adjusting for current body mass, fell from 18 to 1.
People with syndrome X tended to have been thin at birth, with a low ponderal index.23 Insulin tolerance tests carried out on 103 subjects in Preston, either normoglycaemic or with impaired glucose tolerance, have since confirmed that low ponderal index at birth is associated with insulin resistance in adult life (D I W Phillips, unpublished). The 
